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Using Forensic Geochemistry via Fish Otoliths to Investigate an Illegal Fish Introduction
D r a f t 2 19 ABSTRACT 20 Illegal fish introductions create some of the most challenging problems for resource managers 21 because of their potential to harm existing recreational fisheries and their impact on species of 22 conservation concern. Determining the origin of a suspected illegal fish introduction can aid managers 23 in preventing the colonization and subsequent ecosystem impacts of introduced species. In this study, 24 we used forensic geochemistry via fish otoliths to investigate an illegal Walleye introduction in Swan 
140
We first compared the core to edge transects of the two Swan Lake Walleye with the Lake Trout. We 141 assumed the Lake Trout were born in Swan Lake and inhabited the lake for their entire life history, 142 therefore would have a geochemical transect that we could use as a control to compare to the Walleye.
143
We hypothesized that the two Walleye would have a similar core to edge geochemical transect as the 144 Lake Trout if they were also naturalized in Swan Lake. We directly compared the Swan Lake Walleye 
RESULTS

157
The otolith core to edge transects from the two Walleye captured in Swan Lake (total lengths = 158 43.2cm and 44.5cm) clearly indicated they were not born in Swan Lake, given the abrupt changes in 159 both 87 Sr/ 86 Sr and Sr/Ca starting at 330 µm from the otolith core ( Figure 2 ). We found a 2.2% mean Walleye occurred near the edge of the otolith and further from the core then the last annulus, which 164 indicated the Walleye were introduced to Swan Lake after the annulus was formed (winter 2015) and 165 before the fish were captured (October 2015).
166
The following descriptive statistics compare the mean Swan Lake Walleye geochemical core 167 values to edge values, and the Swan Lake Walleye core values to the Swan Lake Lake Trout core values.
168
The Swan Lake Walleye 87 Sr/ 86 Sr core values (n = 2, m = 0.712, sd = 0.0002) were lower compared to the 169 87 Sr/ 86 Sr edge values (n = 2, m = 0.727, sd = 0.0003) (Figure 2A ). The Swan Lake Walleye Sr/Ca core 170 values (n = 2, m = 1.3, sd =0.18) were higher compared to the Sr/Ca edge values (n = 2, m = 0.56, sd = 171 0.11) ( Figure 2B ). The Swan Lake Walleye 87 Sr/ 86 Sr core values (n = 2, m = 0.712, sd = 0.0002) were lower 172 compared to the 87 Sr/ 86 Sr core values of the Lake Trout (n = 3, m = 0.733, sd = 0.0007) (Figure 2A) . The
173
Swan Lake Walleye Sr/Ca core values (n = 2, m = 1.3, sd = 0.18) were higher compared to the Sr/Ca 174 values of the Lake Trout (n = 3, m = 0.574, sd =0.06) ( Figure 2B ). (Table 1 ) and the Columbia River to train the DFA and predict 181 the natal origin of the two illegally introduced Swan Lake Walleye (Figure 3 ). Individual geochemical 182 data for Walleye otoliths used in the DFA model can be found in the supplementary information (Table   183  S1 found Lake Trout otolith samples with stable otolith core to edge geochemical signatures, which they 204 concluded were naturalized in Yellowstone Lake.
205
An alternative explanation for the rapid geochemical change in the Walleye core to edge 206 transect is a migration within the interconnected Swan River system, in their recent life history.
207
Although we did not collect data on Swan River geochemical signatures, such an explanation is very 208 unlikely given the fact that 35 years of annual electrofishing in the Swan River and its tributaries, and 209 extensive long-term gillnetting in Swan Lake, have not detected Walleye. D r a f t 
